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SECTION A 
ANSWER ALL QUESTIONS ON THE GRID PAPER PROVIDED 
 
 
QUESTION A1 
Monochromatic light shines on the cathode in a photoelectric effect experiment, causing the 
emission of electrons. If the intensity of the light stays the same but the frequency of the light 
shining on the cathode is increased, 
 
A  there will be more electrons emitted. 
B  the emitted electrons will be moving at a higher speed. 
C  both A and B are true. 
D  neither A nor B are true. 
 
QUESTION A2 
Which of the following statements are true about light?  
 
I. It propagates at the speed of c = 3 x 108 m/s in all media 
II.  It is an electromagnetic wave according to the Maxwell theory  
III.  It is a photon according to Einstein 
IV. It always manifests both characteristics of wave and particle simultaneously in a 
given experiment  
 
A  I, IV  
B  II, III, IV  
C  I, II, III, IV  
D  II, III 
 
QUESTION A3 
A stone is dropped from the top of a building.  What happens to the de Broglie wavelength of 
the stone as it falls? 
 
A It decreases. 
B It increases. 
C It stays the same. 
D More information is required for the answer. 
 
QUESTION A4 
Rutherford’s gold foil experiment added to our knowledge of atomic structure. How? 
 
A It determined the charge on an electron, 
B It determined the charge to mass ratio of the electron. 
C It determined that the atom has a central “core” or nucleus. 
D It discovered the planetary model of the atom. 
 
QUESTION A5 
The maximum number of electrons that can be in the third energy level is: 
 
A 6 
B 8 
C 18 
D 32 
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QUESTION A6 
Bohr looked to improve upon Rutherford's model of the atom because Bohr thought that 
Rutherford's model: 
A was totally incorrect. 
B needed to relocate the protons and neutrons. 
C was not stable because the electrons did not have set orbits. 
D did not account for the positive charge of the protons 
 
QUESTION A7 
The Earth’s magnetic field may be compared with that of a bar magnet. Which of the 
following diagrams correctly shows the orientation of the bar magnet in this model? 
 
 
QUESTION A8 
A magnetic force acts on an electric charge in a magnetic field when  
 
A  the charge is not moving.  
B  the charge moves in the direction of the magnetic field.  
C  the charge moves in the opposite direction to the magnetic field.  
D  the charge moves at right angles to the lines of the magnetic field. 
 
 
 
 
 
 
 
 
 
 
 
Geographic 
North Pole 
Geographic 
North Pole 
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North Pole 
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QUESTION A9 
A uniform magnetic field is directed into the page.  A charged particle, moving in the plane of 
the page, follows a clockwise spiral of decreasing radius as shown in the diagram.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A reasonable explanation is: 
 
A The charge is positive and slowing down. 
B The charge is negative and slowing down. 
C The charge is positive and speeding up. 
D The charge is negative and speeding. 
 
QUESTION A10 
The diagram below shows a bar magnet to the left of a coil of wire.  The current I is induced  
in the coil.  
 
What is the orientation of the magnet and the direction of motion of the magnet? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
particle 
 
A 
B 
C 
D 
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QUESTION A11 
Two conducting loops face each other a distance d apart.  An observer sights along their 
common axis from left to right as shown in the diagram.  
 
If a clockwise current 𝑖 is suddenly established in the larger loop by a battery not show, the 
direction of the induced current in the smaller loop is 
 
A Zero 
B Clockwise 
C Counter-clockwise 
D unable to be determined because the magnitude of 𝑖 is unknown. 
 
QUESTION A12 
Which of the following are outputs from a step-up transformer?  
 
A Higher potential difference and lower current. 
B Higher potential difference and higher current. 
C Lower potential difference and lower current. 
D Lower potential difference and higher current. 
 
QUESTION A13 
Which of the following will cause the fringes in a two-slit pattern to move farther apart? 
 
A Decreasing the wavelength of the light. 
B Decreasing the distance between the slits and the screen. 
C Decreasing the slit spacing. 
D Immersing all the apparatus in water. 
 
QUESTION A14 
When light shines on a lens placed on a flat piece of glass, interference occurs which causes 
circular fringes called Newton's rings. The two beams that are interfering come 
 
A from the top and bottom surface of the lens. 
B from the top surface of the lens and the top surface of the piece of glass. 
C from the bottom surface of the lens and the top surface of the piece of glass. 
D from the top surface of the lens and the bottom surface of the piece of glass. 
 
QUESTION A15 
There is a phase difference if two light waves have a path-length difference. Which phase 
difference requires the least path length difference? 
 
A 900 
B 1800 
C 2700 
D The answer depends on the wavelength of the light. 
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QUESTION A16 
An actinium nucleus has a nucleon number of 227 and a proton number of 89. It decays to 
form a radium nucleus, emitting a beta particle and an alpha particle in the process. What 
are the nucleon number and the proton number of this radium nucleus? 
 
A Nucleon number = 223, proton number = 87 
B Nucleon number = 223, proton number = 88 
C Nucleon number = 224, proton number = 87 
D Nucleon number = 225, proton number = 86 
 
QUESTION A17 
A radioactive nucleus is formed by β-decay. This nucleus then decays by α-emission. Which 
graph of nucleon number N plotted against proton number Z shows the β-decay followed by 
the α-emission? 
 
 
QUESTION A18 
Alpha, beta and gamma radiations are absorbed to different extents in solids. The diagrams 
illustrate their behaviours. 
 
 
Which type of particles are X, Y and Z? 
A X is alpha, Y is beta, Z is gamma 
B X is alpha, Y is gamma, Z is beta 
C X is beta, Y is gamma, Z is alpha 
D X is gamma, Y is beta, Z is alpha 
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QUESTION A19 
A liquid with a high viscosity 
 
A has high internal friction and flows slowly. 
B flows quickly and easily. 
C flows more quickly as its temperature decreases. 
D is highly compressible. 
 
QUESTION A20 
The turbulent flow of a fluid occurs when  
 
A the viscosity of the fluid exceeds a critical value. 
B the velocity of efflux exceeds a critical value. 
C the fluid density exceeds a critical value. 
D the velocity of particles exceeds a critical value. 
 
QUESTION A21 
Water flows through a pipe.  The diameter of the pipe at point X is larger than at point Y.   
Where is the water pressure greater? 
 
A X 
B Y 
C Same at X and Y 
D This cannot be determined with the information provided. 
 
QUESTION A22 
James travels at high speed from the Earth to the star Alpha Centauri, four light years away.  
In James’s frame, 
 
A the trip takes more time than it does in the Earth’s frame. 
B James travels to Alpha Centauri over a length that is shorter than four light years.  
C the trip takes four years in the Earth’s frame. 
D the distance between Alpha Centauri and Earth is shorter than four light years.  
 
QUESTION A23  
Two observers in different inertial reference frames agree about  
 
A the simultaneity of events at separate locations.  
B the rate at which their clocks run  
C the lengths they measure. 
D none of the above. 
 
QUESTION A24 
An inertial frame is 
 
A accelerated 
B decelerated 
C moving with uniform velocity or at rest. 
D accelerated, decelerated or moving with constant velocity 
 
   SUB-TOTAL : SECTION A [48] 
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SECTION B 
ANSWER ALL QUESTIONS IN THE ANSWER BOOK PROVIDED 
 
 
QUESTION B1 
 
1.1. An electron is accelerated in a vacuum from rest through a potential difference              
of 850 V.  Show that the final momentum of the electron is 1,6 × 10–23 N s. (5) 
 
1.2. State 
 
 1.2.1. Heisenberg’s Uncertainty Principle.  (2) 
 
 1.2.2. Pauli’s Exclusion Principle.  (2) 
 
[9] 
 
 
QUESTION B2 
 
2.1. Using your understanding of the Bohr energy levels of ions with one electron                  
(hydrogen-like ions), calculate the energy (in joules) required for the following 
process.  
    (4) 
 
                               B4+ (g) → B5+(g) + e– 
 
2.2. In relation to lasers, explain the following terms: 
 
 2.2.1. Metastable state.  (2) 
 
 2.2.2. Population inversion      (3) 
 
[9] 
 
 
QUESTION B3 
 
3.1. The 0,2 m long wire in the picture weighs 0,3 N, If you want the wire to stay 
suspended in one position in the magnetic field (0,4 T) of the horseshoe                     
magnet, how much current must you pass through the wire?   (5) 
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3.2. The path of a charged particle before it enters a uniform magnetic field is shown              
in the diagram below. The direction of the magnetic field is into the plane of the 
paper. 
 
 
  
  
 
 On your own copy of the diagram, sketch the path of the particle in the magnetic  
field and continue the path as it leaves the field.  (4) 
 
 [9] 
 
QUESTION B4 
 
4.1. In a transformer, the secondary loop has twice as many turns as the primary. If               
the alternating current in the primary loop is 2 A, what is the current in the                 
secondary loop?  (4) 
 
4.2. An ideal iron-cored transformer is illustrated in the diagram below. 
 
  
  Explain why the iron core is laminated.  (2) 
 
4.3. State Faraday’s law of electromagnetic induction.  (3) 
 
[9] 
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QUESTION B5 
 
5.1. A diffraction grating is used to measure the wavelength of monochromatic light,                
as shown in the diagram. The spacing of the slits in the grating is 1,00 × 10-6 m.                
The angle between the first order diffraction maxima is 70,00 as shown in the 
diagram. What is the wavelength of the light?  (5) 
 
 
 
5.2. A plano-convex lens rests on a flat glass plate. The combination is illuminated            
with white light from above and observed from above.  If the observed rings are     
not circular as in the diagram below, what does this suggest?  (2) 
 
 
 
5.3. State one method of detecting ultraviolet waves.  (2) 
 
[9] 
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QUESTION B6 
 
The diagram below shows a fluid flowing from point A to point B.  Using this                 
diagram and its symbols, prove Bernoulli’s Theorem.     (9) 
 
[9] 
 
 
QUESTION B7 
 
7.1. Historians discover a piece of wooden art at a burial site from the past.                  
The wooden artefact gives a count rate of 11,6 counts per minute (cpm) per               
gram of carbon.  If living trees give a count rate of 15,3 cpm, when was the            
artefact made?  (5) 
 
7.2. The following equation represents the decay of a nucleus of hydrogen-3 by the 
emission of a 𝛽-particle. 
 
 Complete the equation.  (2) 
 
7.3. Define ‘half-life’.  (2) 
 
[9] 
 
QUESTION B8 
 
8.1. The starship ‘Enterprise’ makes a long trip into space, travelling at a speed               
of v = 0.8c relative to the Earth.  The trip takes 20 years, according to a clock               
on the starship.    How many years elapse on a clock on Earth during this voyage          
as observed by an observer on Earth?  (5) 
 
8.2. With reference to relativity, what is meant by 
 
 8.2.1. Lack of simultaneity?  (2) 
 
 8.2.2. Lack of absolute time?  (2) 
 
[9] 
 
 
   SUB-TOTAL : SECTION B [72] 
                                      
   TOTAL [120] 
